The impact of prenatal circadian rhythm disruption on pregnancy outcomes and long-term metabolic health of mice progeny.
Animal studies demonstrate that circadian rhythm disruption during pregnancy can be deleterious to reproductive capacity and the long-term health of the progeny. Our previous studies in rats have shown that exposure of pregnant dams to an environment that significantly disrupts maternal circadian rhythms programs increased adiposity and poor glucose metabolism in offspring. In this study, we used mice with a ClockΔ19 mutation to determine whether foetal development within a genetically disrupted circadian environment affects pregnancy outcomes and alters the metabolic health of offspring. Ten female ClockΔ19+MEL mutant mice were mated with 10 wildtype males, and 10 wildtype females were mated with 10 ClockΔ19+MEL mutant males. While genetically identical, the heterozygote foetuses were exposed to either a normal (wildtype dams) or disrupted (ClockΔ19+MEL mutant dams) circadian environment during gestation. Pregnancy outcomes including time to mate, gestation length, litter size and birth weight were assessed. One male and one female offspring from each litter were assessed for postnatal growth, body composition, intraperitoneal glucose tolerance test and intraperitoneal insulin tolerance test at 3 and 12 months of age. There was no effect of maternal genotype on pregnancy outcomes, with days to plug, gestation length, litter size and perinatal mortality not significantly different between wildtype and ClockΔ19+MEL mutant dams. Similarly, there was no effect of maternal genotype on weight of the offspring at birth or at any stage of postnatal growth. While there was an effect of sex on various tissue weights at 3 and 12 months of age, there were minimal effects of maternal genotype. Relative adrenal weight was significantly reduced (-32%) in offspring from ClockΔ19+MEL mutant dams, whereas gastrocnemius muscle was significantly increased (+16%) at 3 months of age only. Intraperitoneal glucose tolerance tests at 3 months of age revealed female offspring from ClockΔ19+MEL mutant dams had significantly reduced area under the curve following glucose administration (-25%), although no differences were found at 12 months of age. There was no effect of maternal genotype on intraperitoneal insulin tolerance at 3 or 12 months of age for either sex. These results demonstrate that foetal growth within a genetically disrupted circadian environment during gestation has no effect on pregnancy success, and only marginal impacts upon the long-term metabolic health of offspring. These results do not support the hypothesis that circadian rhythm disruption during pregnancy programs poor metabolic homeostasis in offspring. However, when maintained on a 12L:12D photoperiod, the ClockΔ19+MEL mutant dams display relatively normal patterns of activity and melatonin secretion, which may have reduced the impact of the mutation upon foetal metabolic programming.